Background: The rate of major hemorrhage during the initial treatment with unfractionated heparin (UFH) in patients with deep venous thrombosis (DVT) and pulmonary embolism (PE) in routine clinical practice is understudied. In recent clinical trials an overall average of 3.8% was reported. However, the incidence of this complication in routine patient care might be higher owing to less strict patient selection and lack of standardization in the administration of heparin. We have determined major bleeding rates during heparin treatment for DVT or PE in routine practice and compared these rates with data from clinical trials.
Conclusions:
Administration of continuous intravenous UFH in patients with DVT or PE in routine clinical practice leads to a major bleeding rate of 4.0%. This rate is comparable to the rate of major bleeding in patients who received UFH in clinical trials. Our findings are relevant to the discussion of major bleeding rates in patients with DVT and PE treated in daily clinical practice with subcutaneous low-molecular-weight heparin and newer antithrombotic drugs. Med. 2000; 160:2369 -2373 T HE MOST important adverse effect of initial intravenous unfractionated heparin (UFH) therapy of deep venous thrombosis (DVT) and pulmonary embolism (PE) is major hemorrhage. In a large number of randomized clinical trials, the efficacy and safety of intravenous continuous UFH treatment has been compared with intravenous intermittent UFH treatment, [1] [2] [3] [4] [5] [6] treatment with subcutaneously administered UFH, [7] [8] [9] [10] [11] [12] [13] [14] and low-molecular-weightheparin (LMWH). 15 The overall average of major hemorrhage rates in the continuous intravenous UFH groups in these studies was 3.8% (95% confidence interval [CI] 3.0%-4.6%) (widely varying between the studies from 0% to 20%).
Arch Intern
However, in spite of the widespread application of UFH therapy, surprisingly little information is available on the incidence of bleeding complications in routine daily practice during the period that patients receive heparin administered in therapeutic doses. Moreover, it is unknown whether the bleeding rates found in clinical trials are applicable in routine clinical practice. The conditions of routine practice could affect the complication rate of heparin therapy because of selection criteria in trials and because the administration of heparin is often not standardized in routine practices. The current study was performed to accurately estimate the rate of major bleeding complications in patients treated with UFH in routine clinical practice for a thromboembolic event and to compare these data with those derived from clinical trials. pitals of the region. Fifty-four patients were not eligible for the analysis: 29 who did not receive UFH treatment because the diagnosis of DVT or PE could not be confirmed with objective methods, and 25 who initially received LMWH therapy. Thus 424 consecutive patients (Leiden University Medical Center, n = 117, Diaconessenhuis, n = 113, Rijnland Hospital, n = 194) were included. The patients' baseline characteristics are given in Table 1 . These patient characteristics compare well with those observed in recent clinical trials. [16] [17] [18] [19] 
RESULTS

During
BLEEDING COMPLICATIONS
Major hemorrhage during initial heparin treatment or within 24 hours of stopping the treatment occurred in 17 patients (4.0%; 95% CI, 2.1%-5.9%); in 1 patient it was fatal. Seven major bleeding complications occurred
PATIENTS AND METHODS
STUDY POPULATION
All patients with a diagnosis of DVT or PE who had been hospitalized in 1995 and 1996 in the wards of internal medicine at the Academic University Medical Center in Leiden, at the Diaconessenhuis Leiden, or at the Rijnland Hospital in Leiderdorp, the Netherlands, were eligible. These hospitals provide immediate care for the whole region. The inclusion criterion was the use of unfractionated heparin for a least 2 days. Patients who had had surgery were included only if treatment for thrombosis had started at least 14 days after the day of surgery. The only exclusion criterion was initial treatment with LMWH. The medical ethical committees of all 3 participating hospitals approved the study.
TREATMENT REGIMENS
At the day of diagnosis, all patients received an intravenous bolus of 70 U/kg of body weight of UFH followed by a continuous infusion of UFH. The initial dose was 400 to 450 U/kg every 24 hours, resulting in a bolus of 5000 U and an initial dose of 35000 U per 24 hours. The first activated partial thromboplastin time (APTT) was performed 4 to 6 hours after the bolus injection was given. The heparin dose was then adjusted to maintain the APTT at the therapeutic range of 1.5 to 2.0 times the control APTT in 2 of the 3 hospitals. In the third hospital, a range of 60 to 90 seconds was targeted, with a normal range of 25 to 35 seconds. Nomograms for heparin treatment were not used in any of the 3 hospitals. Oral coumarin treatment was begun on the first day of heparin treatment. The coumarin dose was adjusted to maintain the international normalized ratio (INR) between 2.5 and 3.5, according to national consensus of the Dutch Trombosis Services, The Hague, the Netherlands.
DATA COLLECTION
Data on baseline comorbidity, bleeding events that occurred during heparin treatment (including severity and treatment and recurrent thromboembolic events), and cause of death where applicable were obtained by review of medical records and by means of a standard questionnaire. In addition, the records of the blood transfusion services of all 3 hospitals were checked for every patient to see if transfusion had occurred during hospitalization.
The APTT values, INR, and administered doses of heparin were registered for all patients who met the criteria for major hemorrhage. A random sample (n = 50) of patients in whom major hemorrhage did not occur was taken, and the administered doses of heparin were registered for comparison with those of patients with a major hemorrhage.
In addition, APTT values were reviewed in the first 24 hours of heparin treatment as well as prior to the fatal event for those patients who experienced fatal hemorrhage or fatal pulmonary embolism. All patients had routine follow-up visits at the outpatient department after 3 months, during which a decision with respect to continuing anticoagulant treatment was made.
OUTCOME EVENTS
Prior to the start of the study, bleeding was defined as major if (1) it was associated with either a decrease in the hemoglobin level of at least 20 g/L or a transfusion was done of 2 or more units of blood, (2) the bleeding was intraperitoneal intracranial, or gastrointestinal, or (3) cessation of treatment was warranted, or it had led to death. Only major hemorrhagic events during initial UFH treatment or within 24 hours of stopping heparin treatment were considered a complication of the heparin treatment. Objectively demonstrated thromboembolism was defined by abnormal findings in compression ultrasonography or contrast venography for DVT and high probability perfusion ventilation lung scanning or by abnormal findings on pulmonary angiography.
Recurrent thromboembolic events were defined as objective evidence of recurrent DVT as demonstrated by findings of repeated contrast venography or compression ultrasonography; (recurrent) pulmonary embolism was considered to have occurred if demonstrated by results of repeated perfusion lung scanning or repeated pulmonary angiography during heparin therapy or within 1 week after stopping treatment. Any APTT values prolonged 1.5 to 2.0 times the upper limit of the control value were considered adequate prolongations. Data on causes of death in patients who died during hospitalization were retrieved by reviewing the patients' medical records and, when available, autopsy reports.
STATISTICAL ANALYSIS
As effect measure, the frequency of the outcome events among the patients was calculated, ie, the proportion of patients with an outcome event. This may be viewed as a cumulative incidence, ie, the probability of an outcome event.
Since the duration of treatment was short and fairly homogeneously distributed, the duration of treatment was not taken into account. The 95% CIs were calculated with the normal approximation to binomial distribution.
in Most major hemorrhages occurred near the end of the planned initial heparin treatment, when the INR was close to or in the desired range. In 1 patient (listed fifth in Table 2 ), the results of compression ultrasonography showed DVT, and anticoagulant treatment was planned. However, this patient was first operated on to treat a paravertebral abcess. Heparin treatment was started 2 days after the uneventful operation.
Five patients (1.2%) experienced a major bleeding complication during hospitalization but after UFH treatment had been stopped. In 3 of these patients, the bleeding complication was fatal. Minor hemorrhage occurred in 43 patients (10%).
RECURRENT VENOUS THROMBOEMBOLISM
Recurrent venous thromboembolism (VTE) within 12 weeks of UFH treatment occurred in 14 patients (3.3%; 95% CI, 1.6%-5.0). During heparin therapy or within 1 week of stopping therapy, 6 patients (1.4%; 95% CI, 0.3%-2.5%) had clinically suspected recurrent VTE, which was fatal in 1 patient. Abnormal compression ultrasonography findings confirmed the diagnosis of DVT in 1 patient who had been treated for DVT and in 1 patient who had been originally treated because of PE. In the other 4 patients, the diagnosis was not confirmed by objective testing.
After 1 week but within 12 weeks of cessation of initial heparin treatment, 8 patients (1.9%; 95% CI, 0.6%-3.2) experienced recurrent VTE. In 1 patient fatal PE occurred. Objective tests confirmed recurrent VTE in 6 of the 8 patients.
DEATHS
Deaths during hospitalization occurred in 19 patients (4.5%; 95% CI, 2.5%-6.5%). Causes of death and the time of occurrence are given in Table 3 .
APTT PROLONGATION AND HEPARIN DOSES
In 8 of the 17 patients who had a major hemorrhage during UFH treatment, the APTT prolongation was supratherapeutic within 24 hours of the bleeding complication ( Table 2) . None of the patients who experienced a recurrent VTE during initial UFH treatment or within 7 days after this treatment had been stopped had a subtherapeutic APTT prolongation in the first 24 hours of UFH treatment. Of the 3 patients who died, possibly of PE, during heparin treatment, only 1 had a subtherapeutic APTT prolongation in the first 48 hours of initial UFH treatment ( Table 4) . Finally, the mean amount of UFH given did not differ significantly between patients with major bleeding complications (28764 U/d; n= 17) and the randomly selected patients (29819 U/d; n=50).
COMMENT
In this large retrospective study of 424 patients treated for VTE with UFH in routine daily practice, 17 patients (4.0%; 95% CI, 2.1%-5.9%) experienced a major bleeding event during initial treatment. One patient experienced fatal major hemorrhage. The overall average reported in clinical trials was 3.8%. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] This rate is comparable to our observed rate of 4.0%. Our prior expectation was that the rate of major hemorrhage in daily practice would be higher than in controlled studies. In all the trials evaluating treatment with LMWH, patients with a high risk of bleeding (eg, those with active malignancies or kidney or liver function diseases) were excluded. 15 Specific nomograms for UFH treatment regimens were often implemented in these patients. 20 By assessing the APTT prolongation the day before a major bleeding complication or the suspected thromboembolic event, we checked whether patients received adequate heparin doses. Eight of the 17 patients (47%) who experienced a major hemorrhage during UFH treatment had a supratherapeutic APTT prolongation within 24 hours of their hemorrhagic complication, which is in agreement with other studies. 21 None of the 6 patients who experienced a recurrent VTE during UFH treatment or within 7 days of treatment cessation had subtherapeutic APTT prolongation, (Ͻ1.5ϫcontrol), which is in disagreement with studies that have found a clear association between subtherapeutic APTT results at 24 to 48 hours and recurrent VTE. 8, [22] [23] [24] A strength of our study is that we included consecutive patients by comparing the information as provided by the hospitals' documentation departments and regional thrombosis service. This thrombosis service holds records of all anticoagulated patients in the Leiden region with attached indications for anticoagulation.
A study design such as ours may result in underreporting or inconsistent reporting of bleeding events. We have tried to obviate this by looking only at major hemorrhages and by predefining the criteria for major hemorrhage before studying the patients' records. We also checked patient charts and records of the transfusion ser- †APTT divided by the upper limit of the control APTT. APPT prolongations greater than 1.5 are adequate therapeutic prolongations.
‡APTT ratio, within the first 48 hours of unfractionated heparin treatment.
vices of all 3 hospitals. It seems unlikely, using this method, that we would have missed any major hemorrhage. The consistency of reporting major bleeding complications was assessed in a recent study. 25 Another potential weakness of our study is related to the reporting of recurrent VTEs. To obtain a true estimate of the rate of recurrent VTE, we predefined the criteria for objective recurrent VTE, and we evaluated the records of every patient for a clinical suspicion of recurrence as well as whether any objective test had been performed to ascertain the diagnosis. All of these precautions strengthen the generalizability of our results to other hospitals.
Our data on bleeding rates during UFH therapy may form the background against which the complication of major bleeding during subcutaneous LMWH therapy in patients with DVT and PE can be evaluated in general community hospitals in daily clinical practice. Such studies of daily practice are needed before the use of LMWH is routinely applied in an out-of-hospital setting. 
